Flavor changing neutral current decays of B mesons are powerful probes for the new physics search. At the Belle II experiment, these decay modes will be precisely studied with a high integrated luminosity of 50 ab −1 which is 50 times higher than the luminosity of Belle. Radiative and semi-leptonic penguin B decays are important channels especially for the new physics search because they are strongly suppressed in the standard model. In this article, projections of uncertainties on the radiative and semi-leptonic penguin decay measurements are reported.
Introduction
Belle II is an electron-positron collision experiment upgraded from the predecessor experiment Belle. At Belle II, we search for physics beyond the standard model (BSM) with an integrated luminosity of 50 ab −1 which is provided by the SuperKEKB accelerator. This integrated luminosity is 50 times higher than the luminosity of Belle. For the BSM search, flavor changing neutral current (FCNC) processes in b → s and b → d decays are powerful probes, because they are well suppressed in the standard model while they can be enhanced in the BSM. In the FCNC B decay channels, radiative penguin decay and semi-leptonic penguin decay are important channels. In this article, expected precision of several interesting measurements in those decays are summarized.
Radiative penguin B decays 2.1 Branching fraction of B → X s γ
The inclusive radiative penguin B decay, B → X s γ, provides constraints on many possible BSM scenarios. One good example is the current strong constraint on the two Higgs doublet model (2HDM) from the measured branching fraction of B → X s γ. The current world-average of the b → sγ branching fraction from the B-factory measurements is B exp sγ (E γ > 1.6 GeV) = (3.49 ± 0.19) × 10 −4 [1] . The result excludes charged-Higgs mass less than 580 GeV in the 2HDM type-II model with a 95% confidence level [2] .
The newest Belle result of the B → X s γ branching ratio with fully inclusive method gives B Belle sγ (E γ > 1.6 GeV) = (3.12 ± 0.10(stat) ± 0.19(syst) ± 0.08(model) ± 0.04(extrap)) × 10 −4 [3] . This uncertainty is dominated almost by the systematic uncertainty, which is attributed to uncertainties on the B meson pair counts, detector response, background subtraction, and fragmentation model. Therefore, the mission at Belle II is to reduce the systematic uncertainties with the improved statistics. One advantage of the B sγ measurement at Belle II is that the branching fraction with E γ > 1.6 GeV can be measured without extrapolation for E γ . Expected total uncertainty on the B sγ measurement at Belle II is 3.9% with the 50 ab −1 integrated luminosity. This uncertainty is comparable to a theoretical uncertainty due to non-perturbative effect.
Direct
The baryon asymmetry in the universe indicates existence of new physics with CP violation. Hence, CP asymmetry measurement in rare B decays is a powerful probe to search for the new physics.
Direct CP asymmetry (time-integral) of the inclusive radiative decay is defined as
The standard model predicts that the direct CP asymmetries for B → X s γ and B → X d γ can be non-zero due to a long-distance c-loop effect [4, 5] , which has large theoretical uncertainties,
On the other hand, due to the CKM unitarity the direct CP asymmetry for the sum of s and d decays B → X s+d γ is predicted to be small as ∼ Λ QCD /m b in the standard model. The asymmetry measurement is sensitive for BSM which can
PoS(HQL2018)019

Physics cases of rare B meson decays at Belle II
Katsuro Nakamura create larger asymmetry than this prediction. Moreover, difference of A CP between charged and neutral B mesons
also has good sensitivity to BSM, because the difference is proportional to Im(C 8g /C 7γ ), which is zero in the standard model. Existing A CP (B → X s+d γ) measurements for E γ > 2.1 GeV done by Belle and BaBar with the sum-of-exclusive method find (0.2 ± 5.0 ± 3.0)% and (1.7 ± 1.9 ± 1.0)%, respectively [1] . ∆A CP (B → X s γ) measurement for E γ > 2.1 GeV at BaBar finds (5.0 ± 3.9 ± 1.5)% [6] .
At Belle II we will measure A CP (B → X s+d γ) and ∆A CP (B → X s γ) precisely. The statistical uncertainties and some systematic uncertainties due to the detector asymmetry and an asymmetry created by the background also can be improved with the higher statistics. Hence, we expect uncertainties on A CP (B → X s+d γ) and ∆A CP (B → X s γ) measurement at Belle II will be dominated by statistical even after the designed integrated luminosity 50 ab −1 is achieved. Expected uncertainties on A CP (B → X s+d γ) is ±0.6% with 50 ab −1 . This corresponds to 3.7σ significance of the CP violation discovery, if the current central value of A CP (B → X s+d γ) does not change. Expected uncertainty on ∆A CP (B → X s γ) is ±0.4% with 50 ab −1 .
Time-dependent CP asymmetry of b → sγ
As well as the direct CP asymmetry, the time-dependent CP asymmetry in exclusive b → sγ CP-eigenstate is also an excellent probe for the BSM search. The time-dependent CP asymmetry is parameterized with S f γ and C f γ as in the following definition,
In the standard model, the time-dependent CP violation of the radiative decay is caused by a combination of the B-B mixing and the helicity flip in the left-handed current for the b → sγ decay. Thus, the asymmetry in the standard model is small. If the new physics contains right-handed current, the BSM can be detected as a CP asymmetry. Taking into account the long-distance c-loop effect [7] , the standard model predictions are found to be
γ is one of golden modes for the time-dependent CP violation measurement. At Belle II, significant improvements from Belle are foreseen in the K S π 0 γ analysis due to the following upgrades. Firstly, a larger outer radius of the vertex detector (from 6 cm at Belle to 11.5 cm at Belle II) is employed. Due to this change, 30% more K S with vertex information becomes available. Secondly, the effective tagging efficiency is improved by 13% or more. Considering these improvements, expected uncertainties for the time-dependent CP measurement at Belle II are 3.0% for S K S π 0 γ and 6.4% for S ρ 0 π 0 γ . These uncertainties are dominated by statistical uncertainty.
Summary of radiative rare decay measurement
As a summary, the expected uncertainties of the radiative rare decay measurements are listed in Table 1 . For the angular analysis of B → K ⋆ l + l − , parameters P ′ i=4, 5, 6, 8 are useful quantities to be measured since the theoritical uncertainties from form factors are canceled out for leading order. These parameters are sensitive to Wilson coefficients C 7 , C 9 , and C 10 . Especially for the P ′ 5 measurement, LHCb reported 3.7σ tension from the standard model prediction with 1 fb −1 data [8] .
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Expected uncertainties of the P ′ 5 measurement at Belle II 50 ab −1 are 0.054 for 1 < q 2 < 2.5 GeV 2 , 0.049 for 2.5 < q 2 < 4 GeV 2 , and 0.040 for q 2 > 14.2 GeV 2 . The precision is about 20% lower than expected precision of LHCb P ′ 5 measurement with 50 fb −1 integrated luminosity. B → X s l + l − is a theoretically clean channel compared to exclusive decays, as hadronic uncertainties are under better theoretical control. The branching fraction and angular distribution of B → X s l + l − are sensitive to C 9 and C 10 [10] . At Belle II, the branching fraction dBF/dq 2 and
Physics cases of rare B meson decays at Belle II
Katsuro Nakamura forward-backward asymmetry A FB in B → X s l + l − will be measured. Figure 1 shows expected constraints on the C NP 9 -C NP 10 plane from the branching fraction and forward-backward asymmetry measurements at Belle II.
Lepton universality test
Lepton flavor universality of b → sl + l − decays will be studied via measurements of the ratio between the branching fractions of the muon and electron decay channels,
These ratios are sensitive to Wilson coefficients C 9 and C 10 . The standard model predicts R ∼ 1 for q 2 ≫ m 2 µ . LHCb reported 2.6σ deviation from the standard model prediction on the R K measurement [11] .
There are several advantages at Belle II in the R K (⋆) measurement. First, Belle II has an excellent momentum resolution for both electrons and muons. At LHCb R K (⋆) is measured only in low-q 2 , while at Belle II both the low-q 2 and high-q 2 regions are accessible. The dominant systematic uncertainty is the uncertainty on lepton identification which is expected to be 0.4% (relative error). Due to the small systematic uncertainties, the measurement uncertainty at Belle II will be statistically dominated. Moreover, as well as R K (⋆) , Belle II can measure also the ratio for the inclusive B → X s l + l − decay, R X s .
With 20 ab −1 Belle II data, about 5% uncertainty will be achieved. With this precision the current R K anomaly can be confirmed with a 5σ significance, if the central value does not change. With 50 ab −1 , about 3% uncertainty can be achieved. Even at the designed integrated luminosity, the uncertainties are statistically limited.
Lepton flavor asymmetry in angular distribution parameters Q i = P µ i − P e i are also interesting measurements at Belle II. The first measurement of Q 4,5 was reported by Belle [12] . Belle II will improve the precision. Expected uncertainty on the Q 5 measurement in the 4 < q 2 < 6 GeV 2 region is 0.040 with 50 ab −1 of data.
νν decays are theoretically clean channels and therefore good probes for the BSM search. Main theoretical uncertainties on B → K (⋆) νν are due to the B → K (⋆) form factor and knowledge of CKM elements. The branching fractions in the standard model are predicted to be BF(B → K ⋆ νν) SM = (9.6 ± 0.9) × 10 −6 and BF(B + → K + νν) SM = (4.5 ± 0.5) × 10 −6 which are one order larger than b → sll due to the Weinberg angle and the sum of the 3 neutrino flavors in the final state. The branching fraction measurement provides constraints on C L and C R . BF(B → K (⋆) νν) can be measured at Belle II 50 ab −1 with about 10% uncertainty. Moreover, a longitudinal polarization F L can also be measured at Belle II with about 0.08 uncertainty.
Summary of semi-leptonic penguin B decays
The expected uncertainties of the semileptonic penguin decay measurements are listed in Table 2. 
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